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Universal spectral shape of AGN with high accretion rate 

Marek Nikolajuk^*, Bozena Czerny'', Agata Rozanska^, and Anne-Marie Dmnont'^ 
'^Nicolaus Copernicus Astronomical Center, Bartycka 18, 00-716 Warsaw, Poland 
''Observatoire de Paris-Meudon, DAEC, Meudon, France 

The spectra of radio quiet and NLSl galaxies show suprising similarity in their shape. They seem to scale only 
with the accretion rate but not with central black hole mass. We consider two mechanisms modifying the disk 
spectrum. First, the outer parts of the disk are irradiated by the flux emerging from the inner parts. This is due 
to the scattering of the flux by the extended hot medium (warm absorber) . Second process is connected with the 
development of the disk warm Comptonizing skin above the disk and/or coronae. Our scenario applies only to 
object with relatively high luminosity to the Eddington luminosity ratio for which disk evaporation is inefficient. 



1. Introduction 

Radio quiet quasars and Narrow Line Seyfert 
1 galaxies are the sources expected to accrete 
mass at a high rate (e.g. ref. P). The spec- 
tra of those objects show similarity in their shape 
(Fig. ^1 . The idea of the universal spectral shape 
of those galaxies appears in the literature since 
many years (e.g. ref. |2]). It is well known 
that the simplest standard Shakura-Sunyaev disk 
model, under assumption of the local black body 
emission, cannot account for the observed X-ray 
spectra of AGN. The model is also not quite sat- 
isfactory in the optical/UV band. 

We propose two modifications to the standard 
model which directly result from our knowledge 
of the accretion disk physics and an AGN sur- 
rounding. 

2. Irradiation by warm absorber 

The warm absorber is a significantly ionized 
medium present in our line of sight towards 
sources. It produces narrow absorption lines and 
absorption continua in the soft X-ray band. The 
medium temperature is of order of 10^-10^ K. 
The column density is frequently of order of 10^^ 
cm~^ or more. The warm absorber is extended 
but probably clumpy (e.g. ref. 0). Most of the 
radiation from the nucleus of the considered ob- 



jects is emitted in the frequency range 10^^-10^^ 
Hz. In this range the electron scattering domi- 
nates the total crossection. The warm absorber 
actually predominatly scatters the incoming pho- 
tons (Fig. 121) instead of absorbing them (ref. 0]). 

We envision the geometry in Fig. |31 We ne- 
glect the dumpiness of the medium and assume 
that it is located predominantly along the sym- 
metry axis, cosi ~ 1. We parameterize the re- 
gion by the total optical depth for electron scat- 
tering, Tu,a, minimum Zj^in and maximum Zmax 
distance of the warm absorber from the nucleus. 
We assume that the density profile of the warm 
absorber is p{z) oc z^^ . For purpose of the rough 
estimate of modifying disk spectrum we do not in- 
troduce any specific dependence on the distance 
from the symmetry axis. The irradiation of the 
disk at a distance r from the center can be ap- 
proximately represented as 
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where L is the bolometric luminosity of an accre- 
tion disk and fwa is the fraction of emission from 
the nucleus passing through the warm absorber. 

The warm absorber modifies the emerged spec- 
trum (predominatly at longer wavelengths - op- 
tical and the IR band) . The effect is only weakly 
influenced by Zmax and the density distribution 
p{z). More important is the exact location of the 
inner edge, Zmin- The exemplary spectrum is are 
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Figure 1. The broad band spectra of quasars: 
composite spectrum of RQQ (filled squares), PG 
1211+143 (open circles) and NLSl galaxies: Ton 
S180 (stars), Mrk 359 (filled circles). The spectra 
of the last three objects are shifted by 0.1, 0.6 
and 2.0, respectively, to coincide at the B band. 



shown by dashed line in Fig. 01 



Figure 2. The ratio of the total optical depth 
(absorption + scattering) to the Thomson optical 
depth (scattering) as a function of energy for the 
warm absorber model in Ton S180: Total column 
density 1.1 x 10^^ cm"^ (sohd hue) and 8 x 10^^ 
cm^^ (dashed line), ionization parameter at the 
surface ^ = 10^. Density profile of the warm ab- 
sorber comes from the constant pressure condi- 
tion. 



3. Warm Comptonizing skin 

Coniptonization of a fraction of disk photons is 
clearly needed in order to reproduce the soft X- 
ray part of the spectrum. In the high luminosity 
objects the disk extends down to the marginally 
stable orbit and some warm skin covers the in- 
ner region. Similar interpretation holds both for 
galactic black holes in their High State or Very 
High State and for luminous AGN (ref. 00). 
Here we propose a natural constraint for the prop- 
erties of this warm skin based on stability analysis 
in the radiation pressure dominated region of the 
disk. 

We assume that the accretion disk is az- 
imuthaly divided into two layers: inner cold part 
and a warm Comptonizing skin (Fig. O. We 
futher assume that fraction of the energy is trans- 
ported from the disk interior towards the skin as 
a magnetic flux. In this way proceed the heating 
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Figure 3. The schematic picture of a bright AGN 
with a warm absorber and a warm disk skin. 
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of the warm skin. Therefore, the energy balance 
of the disk interior reads: 



Q+ ^Q- +W, 



(2) 



where = ^aPH^K is the energy flux dissi- 
pated in the disk interior, ~ ""yil 
diative coohng of the disk interior. W is the mag- 
netically transported flux and W oc B^vaH oc 
p3/2^3/2 _ ^Yic energy density of the mag- 
netic field, VA - the Alfven velocity, H - the disk 
thickness, P - the pressure). The warm skin is 
heated by flux tubes which cover only a fraction 
of the boundary surface. We assume that this 
covering is proportional to the disk thicknes, H. 
The disk is thermally stable if: 



6Q+ < SQ- +SW. 



(3) 



Our calculations show that the presence of mag- 
netic transport stabilizes the disk since its de- 
pendence on the temperature is steep enough 
(the same as in the case of advection). When 
w = W/Q^ = 0.5 the disk already becomes 
stable even if strongly dominated by the radi- 
ation pressure. We therefore consider it possi- 
ble that the disk in a natural way develops this 
magnetically mediated transport in the radiation 
pressure dominated region. This region of the 
disk would be therefore covered with a warm skin 
and the transport efficiency saturates at the value 
«; = 0.5. 

The skin cools predominantly by Comptoniza- 
tion. The cooling efficiency is fixed by the param- 
eter w, i.e. the Compton amplification factor, A, 
is given by 



A = 



Q- +W 

Q- 



1 



1 — w 



= 2 (for w = 0.5). (4) 



Therefore, the condition A = 2 roughly deter- 
mines the slope, a^;, of the soft X-ray spectrum. 
It provides a constraint for the combination of 
the skin optical depth, Tskim and its temperature, 

Pskin • 

The role of the irradiation and the Comptoniza- 
tion by the warm absorber and disk skin is illus- 
trated in Fig. 01 The model does not fit exactly 
the observed data points (Fig. |SJ) since our aim of 
our model is to reproduce in a possibly natural 




Figure 4. The spectrum for the mean RQQ. The 
standard disk model (thin continuous line). The 
disk is affected by the warm absorber through ir- 
radiation (dashed lines). Disk is divided into in- 
ner and outer part (dotted lines). The warm skin 
modify the emerged inner disk radiation (contin- 
uos thin histogram). The total spectrum (contin- 
uous thick histogram). 



way the scaling of the spectra with mass and not 
fitting. 



4. Conclusion 

We develop a model which is appropriate for 
high luminosity objects like quasars and NLSl 
galaxies. 

We propose two mechanisms which together 
may be responible for the relatively uniform spec- 
tral shape of the AGN luminosities in term of 
L/pEdd- First mechanism is back-scattering of 
the light emerged from disk by warm absorber. 
Second mechanism is the Comptonization in the 
marginally stable accretion disk warm skin. 

Main conclusions of our investigation are fol- 
lowing: 

• Irradiation results in softer/UV spectra 
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Figure 5. The exemplary accretion disk models 
(continuous histograms), the spectrum of com- 
posite spectrum of quasars (filled squares) and 
Mrk 359 (filled circles). 



than predicted by classical disc models. 

• The warm skin stabilizes the radiation pres- 
sure dominated disk. 

• ft Comptonizcs the disk emission and the 
soft X-ray part of the spectrum is produced. 

• The condition of stability leads to a specific 
value of the Compton amplification factor 
(A = 2) which roughly determines the soft 
X-ray slope. 

• Both effects lead to the radiation spectrum 
which shape does not strongly depend on 
the parameters. 

Our results are in agreement with the conclu- 
sion of ref. [7j that there is no strong correlation 
between the Eddington ratio and the mass. 

Lower luminosity AGN (in terms of L/LEdd), 
like Seyfert galaxies, are not expected to be rep- 
resented by the discussed model. In those sources 
the disk evaporation is most probably very effec- 
tive, as expected from the models (e.g. ref. |8I9| ). 



Table 1 



Summary of model parameters. 


Parameter 


quasar composite 


Mrk 359 


M[Mq] 


1.0 X 10** 


1.0 X 10*^ 


m[L/LEdd] 


0.3 


0.3 




0.25 


0.25 


fwa 


0.5 


0.5 




100 


100 


■^tnax \RSch'w\ 


10 000 


10 000 


A 


2 


2 


'^skin 


3.32 


3.32 


Tskin [keV] 


3 


3 


skin \Rschw\ 


300 


300 



and the inner disk is replaced with a hot, possibly 
advection dominated flow (e.g. ref. llOj). 
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